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Dear Sir: 

In accordance with 37 CFR 1.192, Appellants hereby submit Appellants 1 Reply Brief 
in triplicate. 

The items checked below are appropriate: 

1. Status of Appellant 

This application is on behalf of O other than a small entity or[^ a small entity. 

2. Oral Hearing 

I I Appellant requests an oral hearing in accordance with 37 CFR 1.194. 
I I Appellant requested an oral hearing in accordance with 37 CFR 1.194 at the 
time appellant filed Appellant's Brief on Appeal. 

3. Extension of Time 

I I Appellant petitions for a one-month extension of time under 37 CFR 1.136, 
the fee for which is $1 10.00. 

1X1 Appellants believe that no extension of time is required. However, this 
conditional petition is being made to provide for the possibility that 
appellants have inadvertently overlooked the need for a petition and fee for 
extension of time. 

Extension fee due with this request: $ 
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APPELLANTS' REPLY BRIEF 

Sir: 

The Appellants submit this Reply Brief in response to the Examiner's Answer mailed 
on November 26, 2004. 

As an initial matter, on page 6 of the Examiner's Answer, the Examiner agrees that the 
term "naturally" as used in the specification is opposite to "modified" (by the hands of man). 
The Examiner concludes that "naturally lacks MHC-I and MHC-II antigens" encompasses 
cell lines, which never had MHC-I and MHC-II antigens, and cell lines, which lost MHC-I 
and MHC-II antigens due to a cancerous mutation. 

However, on pages 7 and 8 of the Examiner's Answer, in the guise of a written 
description rejection, the Examiner states that the specification fails to describe an RBC or 
any other human cell line that "naturally lacks MHC-I and MHC-II antigens" and fails to 
describe an actual reduction to practice of a human cell line that naturally lacks MHC-I and 
MHC-II antigens, but only describes K562 cells. The Examiner takes the position that K562 
is the only cell line disclosed by Appellants within the specification or in subsequently 
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submitted references that naturally lacks MHC-I and MHC-II antigens and that, therefore, 
Appellants fail to provide representative species for the claimed genus, i.e., human cell lines 
that never had or lost MHC-I and MHC-II antigens. This is inconsistent with the definition 
of "naturally" accepted by the Examiner on page 6 of the Examiner's Answer. 

Throughout the prosecution of this case, the Examiner has been concerned with the 
meaning of "naturally lacks." Appellants submit that, given the acknowledgment by the 
Examiner that naturally lacks means "never had or lost," it is irrelevant as to how the cell line 
became negative for MHC-I and MHC-II antigens (e.g., whether due to a "cancerous 
mutation" or something else). 

Appellants submit that the specification not only provides K562 as an example of a 
cell line that naturally lacks (never had or lost) MHC-I and MHC-II antigens, the 
specification teaches one of ordinary skill in the art how to identify and characterize other 
such cell lines using the primary monoclonal antibodies W632 (anti-human class I heavy 
chain) and L243 (anti-human class II). Thus, contrary to the position taken by the Examiner 
on page 12 of the Examiner's Answer, Appellants submit that the specification describes a 
cell line (K562) that naturally lacks (never had or lost) MHC-I and MHC-II antigens and 
enables one of ordinary skill in the art how to identify other such cell lines. 

On page 12, the Examiner also argues that the K562 cell line was derived 30 years 
ago and similar lines have not been described. Appellants respectfully disagree. For 
example, Sullivan et al., J Clin Invest. 1985 Jul; 76(1): 75-9 (copy enclosed), describe 
analysis of lymphocytes from a patient with bare lymphocyte syndrome. Class I and class II 
HLA antigens are not normally expressed on the surface of such lymphocytes, suggesting a 
pretranslational regulatory defect of both class I and p2-microglobulin gene expression. 

With respect to the Examinees comments regarding Wang et al. (J. Clin. Invest., 
1993, copy enclosed) and the expression of MHC I and II by the SK-MEL-33 cell line, the 
Examiner relies on Winchester et al. (PNAS, 1978, copy enclosed) for the proposition that a 
number of melanoma lines, including SK-MEL-33 cells, are 100% positive for expression of 
the MHC-II antigen, la. Appellants respectively submit that, not only does Winchester et al. 
state that the cells were analyzed for an "la-like" antigen, which they call "la" even though it 
is described as "distinct from classic HLA molecules" (page 6235, first column), Table 1 of 
Winchester et al. shows that the results of staining SK-MEL-33 cells for the "la-like" antigen 
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were "tr-3," indicating that only a trace amount of the antigen was detected. The Examiner 
can hardly rely on these data to state that SK-MEL-33 cells are HLA Class II-positive. 

Appellants submit that the specification provides an adequate description of an 
exemplary cell line that naturally lacks (never had or lost) major histocompatibility class I 
(MHC-I) antigens and major histocompatibility class II (MHC-II) antigens and enables one of 
ordinary skill in the art how to identify and characterize other such cell lines. 
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Abstract 

The bare lymphocyte syndrome is a disorder in which class I 
histocompatibility antigens fall to be expressed normally on 
the surface of lymphocytes. Utilizing complementary DNA 
probes for both^r-mkrogtobalm and class I genes, the molecular 
basis for this syndrome was investigated in a family with two 
siblings exhibiting the bare lymphocyte syndrome. Southern 
blot analysis demonstrated no gross internal defect in either 
class I or ^ndcroglobolin genes. Northern blot analysis of 
class I and ^microglobulin messenger RNAs also revealed 
do qualitative difference between affected and nnafTpcffd family 
members. In contrast, quantitation of both class I and 0 r 
microglobulin transcripts demonstrated each to be decreased 
in patients when compared to controls. Moreover, the decrease 
in both transcripts was coordinate. These results suggest that 
the bare lymphocyte syndrome may represent a pietranslational 
regulatory defect of both class I and ^microglobulin gene 
expression. 

Introduction 

The bare lymphocyte syndrome is denned as a syndrome in 
which a patient's lymphocytes cannot be tissue-typed by 
standard serologic cytotoxicity tests. Touraine et al ( 1 ) described 
a child presenting with severe combined immunodeficiency in 
the initial case report of 1978. Since then, several forms of the 
syndrome have been identified. A defect in class I major 
histocompatibility antigen expression has been described with 
and without concomitant severe combined immunodeficiency 
(2-7). Several case reports of a class H major histocompatibility 
defect have appeared recently. This class II defect may be 
isolated (8) or asftAcfateH with a defect in class I expression (9- 
1 1) and has a variable phenotypc We have previously described 
two siblings without immunodeficiency who exhibit the bare 
lymphocyte syndrome. The older affected child presented in 
1980 with aplastic anemia but had normal IgA, IgG, and IgM 
levels. The younger affected child has been healthy. Neither 
has suffered from any opportunistic infections nor an unusual 
number of viral infections (7). Analysis of these patients may 
help clarify the factors involved in the regulation of cell surface 
expression of class I antigens and may contribute to our 
understanding of class I antigen functions. Here, for the first 
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time is a demonstration of a pretranslational defect in both 
class I and Prtnicro&obuhn gene expression associated with 
the bare lymphocyte syndrome. 

Methods 

Cells. Family "L," previously described (7), was used as the sole source 
of "bare lymphocytes" for the experiments described. An affected child 
(AC2; see Fig. 1) was identified during routine tissue typing in 
consideration for bone marrow transplant as treatment for aplastic 
anemia. At that time, another affected child (AC4) was also identified 
as having the bare lymphocyte syndrome. Fresh peripheral blood 
mononuclear ceDs (PBMCsX 1 consisting of lymphocytes and monocytes, 
were isolated through a FicoU-Hypaque gradient. Fresh circulating 
leukocytes (lymphocytes, monocytes, and granulocytes) were isolated 
in 1 .5% dextran (200,000 mol wt). Epstein-Barr virus (EBV>transfonned 
lymphocytes from the family members were continuously m a in tai n ed 
in RPMI 1640 supplemented with 10% fetal calf serum and the usual 
antibiotics. 

Northern and RNA dot blot analysis. Three probes were utilized in 
these analyses. The /^microglobulin probe (gift of K. Italcura) is a 
550-base-pair (bp) complementary (c) DNA clone (12). The class I 
probe (gift of S. Weissman) is homologous to HLA B7 but cross- 
hybridizes to H1A-A, -B, and -C genes (13). The actin probe is a 1.5- 
kilobase (kb) cDNA clone (gift of P. Gunning) (14). The gift of 
ribosomal cDN A was generated from L cells by Andrce Dozy. RNA 
was isolated by the guanidinium method (15). For the Northern blot 
in Fig. 2-C 25 fig of total RNA was isolated from the EBV-transformed 
lines, denatured in formaldehyde as previously described (16, 17), and 
applied to a 0.8% agarose gel. For the Northern blot in Fig. 5, 5 jig of 
total RNA isolated from PBMCs was used. The gel was photographed 
using a silica thin-layer chromatography plate to identify the positions 
of the 18S and 28S bands. Blots were baked and incubated with a 50% 
foimamide solution at 42°C as previously described (17). 50 ng of 
probe, nick-translated to a specific activity of 10* cpm/jig was denatured 
by boiling and added to 10 ml of fresh formamide solution. After 24 
h of incubation the blots were washed in 0.1 X standard saline citrate 
(pH 7.0), 0.1% sodium dodecyl sulfate (SDS) at 55°C as previously 
described (17). Northern dot blots utilized total RNA isolated as above 
from leukocytes. For the dot blots, 1 y% of RNA was denatured as 
above. Twofold dilutions of RNA were made into microtiter wells 
with 20-strength SSC. The RNA was then applied to nitrocellulose 
and probed as above. 

Fluorescent analysis. Three antibodies from Becton-Dickinson & 
Co. (Mountain View, CA) were used in the identification of subpopu- 
lations of PBMC. Leu 1 (done L17F12) depicts most T cells (18). 
HLA-D-related (DR) (clone U43>specific antibody binds nonpory- 
morphic regions of class II molecules (19). The M3 (clone M£ P9) 
antibody is specific for 70-90% of mature forms of circulating monocytes 
(20). These three antibodies are linked to phycoerythrin, whic h emits 
at a wavelength distinct from that of fluorescein isotluocyanate (FTTQ 
and allows simultaneous two-color analysis (21). Two other antibodies 
were used to analyze the display of class I antigens on the surface of 
PBMC. AntH^rmcroglobulin (clone L36S) linked to FITC was pur- 
chased from Becton-Dickinson & Co. (19). W6/32 is a monoclonal 
antibody that recognizes a nonporymorphic determinant on class I 



I. Abbreviations used in this paper: £BV, Epstein-Barr virus; FITC, 
fluorescein isothiocyanate; PBMC, peripheral blood mononuclear ceU(s). 
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Figure 1. Pedigree. Family "L** consists of the unaffected mother (AO 
and father (F), two unaffected children {SCI, NCI), and two affected 
children {AC 2, AC4\ 

molecules (22). Fluorescent analysis using W6/32 was performed using 
an indirect imrounofluorescent technique. Flow cytometry was per- 
formed on a FACS IV (Becton-Dicldnson & Co.) as previously 
described. (21,23). 

Results 

To examine the structure of the class I and the /^microglobulin 
genes. Southern blots were prepared from DNA isolated from 
the family members* PBMCs. Southern blot analysis demon- 
strated no gross internal rearrangements or deletions in either 
the class I genes or the ^-microglobulin genes of the affected 
children when compared to the normal siblings or the parents 
(data not shown and reference 7). In an effort to analyze the 
transcripts from these genes, RNA was isolated from the EBV- 
transformed cells of the family. Six weeks after EBV transfor- 
mation, "bare lymphocytes'* have been found to have normal 
class I surface expression (5, 7). Hybridization of Northern 
blots with the /^microglobulin probe revealed bands — 1 kb 
in length for all family members (Fig. 2). There was no 
qualitative difference between the affected and the unaffected 
family members. When the Northern blots were hybridized 
with the B7 probe, specific for class I antigens, a single band 



— 1.7 kb in length was found for all family members (Fig. 2). 
Therefore, it appears that neither the genes nor the transcripts 
for class I and ^-microglobulin are qualitatively abnormal in 
the bare lymphocyte syndrome. 

Quantitative analysis by Northern dot blots was undertaken 
in order to evaluate the levels of class I and ^-microglobulin 
transcripts in the circulating leukocytes from the affected and 
unaffected family members. 1 m8 of total RNA isolated from 
the leukocytes of the family members was dotted onto nitro- 
cellulose. This dot blot was then hybridized with either the 
class I, ^microglobulin, or an actin control probe (Fig. 3). 
Class I and ^microglobulin transcripts were found to be 
much lower by densitometry in the affected children than in 
the unaffected family members. Actin transcripts were only 
slightly decreased. Thus, the bare lymphocyte syndrome is 
associated with a quantitative defect in the number of class I 
and /^microglobulin transcripts. 

Decreased levels of RNAs specific for class I and 02- 
microglobulin could indicate a general diminution among all 
cells or represent the averaging of different levels among 
subpopulations of cells. The density of class I antigens on 
subpopulations of mononuclear cells was analyzed by flow 
cytometry. PBMCs from the affected family members stained 
with either anti-class I or ajiti-ft-microglobulin monoclonal 
antibodies exhibited a density of each molecule that was 10- 
25% of that seen in unaffected family members or unrelated 
controls. Class I and ^-microglobulin staining on platelets 
identified by forward light scatter demonstrated no difference 
between affected and unaffected family members (data not 
shown). Specific subpopulations of cells were identified by 
means of phycoerythrin-labeled antibodies (i.e., phycoerythrin 
Leu 1, phycoerythrin DR, and phycoerythrin M3), and the 
relative class 1 and ^-microglobulin density on the cells of 
each subpopulation was determined by using FITC-linked 
antibodies (Fig. 4). In an affected child, class I and 02- 
microglobulin-specific fluorescence associated with the T cell 

F NC1 AC2AC4 

Class I ^^^^^^fc 




Figure 2. Northern blot of transcripts isolated from EBV-transformed 
cells of family **L»** 25-jig samples of total RNA were electrophoresed 
on a Northern formaldehyde gel to assess transcript length differences 
in the affected children. Shown in this figure are bands hybridizing 
with class I and ^-microglobulin (ft A») specific probes for two 
unaffected family members (A/, NCI) and two affected family mem- 
bers (AC2, AC4). There are no apparent differences in transcript 
length when affected are compared with unaffected family members. 




Figure 5. Quantitative analysis of class I and /3 r microglobulin tran- 
scripts. RNA was isolated as described from circulating leukocytes 
and dotted onto nitrocellulose in twofold dilutions of I $*& of RNA. 
This blot was probed with class I, /^microglobulin (ft /*). or actin- 
specific probes as indicated. 
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population was 10.5-fold less than the mother or an unrelated 
control. Staining in the DR and M3 positive population was 
fourfold less in the affected child than in the control (Table I). 

These findings suggest that not all cells are equally affected 
and that RNA levels might correspond more closely to surface 
expression if only affected cells are analyzed. When RNA 
from PBMCs, consisting of lymphocytes and monocytes, are 
analyzed by Northern blotting and densitometric scannings 
normalized to ribosomal (r)RNA levels, a 10-fold decrease of 
class I transcripts is seen in an affected child when compared 
to an unaffected family member (Fig. 5). These (lata demon- 
strate that the levels of class I and ^microglobulin transcripts 
correlate directly with the cell surface expression of these 
antigens. However, RNA dot blots revealed that class I and 
^-microglobulin transcripts are only threefold decreased in 
leukocytes, consisting of granulocytes in addition to lympho- 
cytes and monocytes. This suggests that class I and pyinicro- 
globulin expression is not diminished in all circulating cells 
and that patients granulocytes may in fact have normal class 
I and 02-micTOglobulin transcript levels. 

Discussion 

These experiments have demonstrated a pretranslational defect 
in class I and ^-microglobulin expression. This defect is 
differentially expressed in different subpopulations of cells and 
it is possible that only mononuclear cells are affected. When 
class I and ^microglobulin transcript levels are analyzed from 
total leukocytes they are found to be approximately threefold 
decreased. Mononuclear cell transcripts, on the other hand, 
are 10-fold decreased in the affected children. This suggests 
granulocyte expression may be normal in these children. 
Platelet expression was found to be normal and others have 
reported normal class I surface expression on fibroblasts, 
granulocytes, and platelets (1-6, 24). 

Both class I and /^microglobulin-specific transcripts were 
found to be decreased in the mononuclear cells of these 
affected children. Because these genes reside on chromosomes 
6 and IS, respectively, and because EBV reverses the defect, 
it is unlikely that mutations in either gene could account for 



Table I. Peak Fluorescence Intensity for PBMC Subpopulations 
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Source 


Leu 1 


DR 


M3 


Unrelated control 


112 


no 


105 


Mother 


89 


85 


89 


AC2 


8 


22 


24 



In this table, values are given for the intensity of fluorescence corre- 
sponding to the ^microglobulin staining Different subpopulations 
of cells were detected with a counterstain. Leu 1 depicts most T cells, 
DR depicts B cells and monocytes, and M3 depicts mature mono- 
cytes. Here, the intensity of py microglobulin staining in the Leu 1 
population can be seen to be much less in the affected child (AC 2) 
than in the mother (M). After normalization of peak channel values 
to background, values were converted from the logarithmic scale us- 
ing the formula, I0* 17 « fluorescence intensity (x = peak channel 
value). Thus, in the Leu 1 population, the affected child's cells ex- 
press only one-tenth the density of ^microglobulin as the mother. 
In the DR + and M3 population, the affected child's cells express ap- 
proximately fourfold less ^microglobulin than the unaffected 
mother. 

our findings. Instead, it is likely that the bare lymphocyte 
syndrome represents a defect in the regulation of class I and 
02-microglobulin gene expression. A related syndrome with a 
class II defect is also thought to represent a defect in regula- 
tion (9). 

That these genes share common regulatory pathways is 
suggested by the finding that they are coordinately expressed 
in development Class I and ^-microglobulin antigens are 
absent from fertilized mouse eggs but appear later in devel- 
opment (25, 26). This developmental control is reprodu c ed in 
embryonal carcinoma cells (27). Embryonal carcinoma cells 
do not express class I antigens on their surface nor do they 
have detectable levels of transcript for either gene (28-30). 
Differentiation of these cells is accompanied by coordinate 
accumulation of messenger RNAs and surface expression of 
class I molecules (27). From these experiments, it is clear that 
class I and & microglobulin genes are simultaneously induced 
during development 
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Figure 4, Two-color fluorescent cy- 
tometry analysis of ^microglobulin 
expression on PBMC subsets. This 
figure compares ^microglobulin 
staining of an unaffected family 
member's PBMC subsets (AO and 
those of an affected family member 
(ACT). The vertical axis depicts 
staining with either Leu 1, anti-DR, 
or M3 as indicated. Therefore, sub- 
sets are separated on the vertical 
axis, with the uppermost population 
staining positive with the in dic a t ed 
antibody. Notice that the intensity 
of flouiesoenoe in the vertical axis is 
normal in the affected child; dem- 
onstrating that Leu 1, DR, and M3 
expression is normal on "bare lym- 
phocytes." The horizontal axis de- 
picts staining with anti-pVmicro- 



globulin. All subsets in the affected children exhibit decreased staining with anti-^microglobulin with the greatest decrease apparent in T cells 
depicted by Leu 1. This is quantified in Table L 
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DENSITOMETRY ANALYSIS 
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Figure 5. Northern blot and denatometiy of transcripts isolated from 
the PBMCs (lymphocytes and monocytes) of three family members. 
Shown in this figure are bands hybridizing to the class I-spccific 
probe from two unaffected family members {M and NCI) and one 
affected family member {AC 2). Class I-specific transcripts are 10-fold 
less abundant in the affected child when normalized to ribosomal 
RNA levels. The densitometry table also reveals a slight decrease in 
actin transcript levels in the affected child. Notice the apparent 
difference in M and NC 1 class 1 levels disappears when densitometry 
levels are normalized to correct for loading error. 

Experiments investigating the regulation of expression of 
class I and /^-microglobulin genes in a mature, expressing cell, 
also suggest that class I and /^-microglobulin genes share 
common regulatory pathways. Lymphoblastoid and melanoma 
cell lines as well as PBMCs have been induced to increase 
their class I and ^-microglobulin surface expression after 
administration of interferon (31-33). It is not known which 
sequences are responsible for the regulation of class I transcrip- 
tion. In transfection experiments, interferon was shown to 
increase the expression of the introduced HLA B7 genes 
irrespective of deletions in the 5' flanking region and the first 
exon (34, 35). 

These experiments suggest that class I and ^microglobulin 
genes share common regulatory pathways. The bare lymphocyte 
syndrome could represent a defect at some step leading to 
coordinate gene expression. First, it could represent an abnor- 
mality in the production of lymphokines (e.g., interferon) 
known to increase class I and /^-microglobulin expression. In 
two studies, patients with a defect in expression of both class 
I and class II molecules, a-interferon was able to restore class 
I expression (4, 36). Addition of a-interferon to the cells of 
one of our patients failed to reverse the defect (data not 
presented), suggesting that the defect is not simply due to 
decreased production of a-interferon. Second, a synthetic or 
structural abnormality in the o> or ^interferon receptor could 
make "bare lymphocytes" refractory to those lymphokines. 



We have no data to address this issue. Third, intracellular 
effector molecules such as DNA binding proteins that recognize 
regulatory sites flanking the class I and ^microglobulin genes 
and serve to modify their gene expression may be defective. If 
tissue-specific regulators of transcription are shared between 
these genes, one could postulate a lesion in a single protein 
that binds those specific DNA sequences. Trans- acting regu- 
latory factors have been postulated for class II histocompatibility 
genes (37), and it is possible that they exist for class I 
histocompatibility genes. The low levels of class I and &t 
microglobulin transcripts, which are found in the lymphocytes 
of our patients, may be products of a constitutive pathway 
unaffected by the absence of a regulatory protein. This consti- 
tutive pathway may also account for the normal levels of class 
I and ^-microglobulin found on our patients platelets. 

The levels of class I and ft microglobulin transcripts in 
the bare lymphocytes were ~ 10-fold lower than in normal 
controls. The levels of surface class I molecules were from 4- 
to 10-fold diminished when affected and unaffected family 
members were compared. Actin levels were slightly decreased 
compared to controls and this may reflect altered metabolism 
in these cells. Therefore, a pretranslational defect in class I 
and ^-microglobulin certainly constitutes a major factor in 
the bare lymphocyte syndrome, but at this time we are not 
able to rule out other effects. It should be stressed that the 
defect observed in this family with the bare lymphocyte 
syndrome without immunodeficiency may not reflect that 
found in other cases of the bare lymphocyte syndrome with 
immunodeficiency. Only through further study of this and 
similar disorders will the true nature of the bare lymphocyte 
syndrome defect be revealed and therapeutic intervention 
become possible. 
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ABSTRACT Human malignant melanoma cell lines were 
found to bear la-like cell surface determinants demonstrable 
by hetero- or alloantisera and by direct identification of the 
characteristic bimolecular glycoprotein complex. Immu- 
noprecipitation confirmed the presence of la determinants on 
the bimolecular complex. The quantity of la molecules deter- 
mined by these methods and by absorption experiments was 
relatively constant for each cell line. Among different lines, 
however, the amount of la antigens ranged from a level equal 
to that expressed by B-cell lines to a small fraction of this 
amount. This variation in level of la contrasted with the more 
uniform amount of ^microglobulin detected on the cell sur- 
face. The la alloantigen specificity DRw2 was the most fre- 

?[uently encountered specificity. Ia determinants were also 
ound on the surface of an epidermoid carcinoma line, but not 
on various other cell lines of normal or neoplastic origin. 

Human B lymphocytes contain a polymorphic bimolecular 
glycoprotein component, encoded by genes mapping within 
the major histocompatibility complex, that is distinct from the 
classic HLA molecules. Because this molecular system has a 
number of characteristics shared by the murine I-region-asso- 
ciated antigens, it has been termed "la-like" or, for simplicity, 
"la." The selective occurrence of Ia molecules on the surface 
membranes of normal or malignant cells of the hematopoietic 
and lymphoid systems depends upon the differentiation state 
of the particular cell lineage. In the erythroid and granulocyte 
series only the progenitor cells and the earliest morphologically 
recognizable forms bear Ia' antigens (1,2). In contrast, B lym- 
phocytes express Ia determinants throughout most of their 
differentiation sequence, the antigens becoming undetectable 
only during transition into plasma cells (3). Within the mono- 
cyte lineages the expression of Ia antigens is more variable, with 
a considerable proportion of circulating monocytes lacking 
detectable Ia determinants (4). In contrast, the majority of T 
lymphocytes, whether normal or malignant, have little or no 
detectable Ia. 

In view of the finding that murine epidermal cells contain 
Ia determinants (5), considerable attention has been directed 
to a search for Ia determinants on human skin and its malignant 
derivatives. Recently Ia antigens in humans and guinea pigs 
were reported to occur on the Langerhans cell, a cell present 
in normal skin that is considered to be monocytoid in origin; the 
remaining epidermal cells, including melanocytes, did not 
express Ia antigens (6, 7). The present study was directed pri- 
marily at determining the occurrence of Ia antigens on various 
cell lines derived from different malignancies. The chief finding 
was the widespread occurrence of these molecules on malignant 
melanoma lines. 
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MATERIALS AND METHODS 

Melanoma and Other Adherent Cell Lines. Established cell 
lines were maintained in medium RPMI 1640 supplemented 
with 10% fetal calf serum, 2 mM glutamine, 100 units of pen- 
icillin per ml, and 100 jig of streptomycin per ml (medium A). 
The cultures were fed twice weekly and passed when confluent 
at 7- to 14- day intervals. Passage and harvesting routinely in- 
volved brief (0.5-1 min) treatment with 0.01% trypsin 
(Bacto-Trypsin, Dif co) at room temperature. The digestion was 
terminated by addition of 25 ml of medium A per ml of trypsin 
solution. The cells were washed once and either transferred to 
new flasks or adjusted to 1 X 10 7 cells per ml of medium A and 
incubated at room temperature for 1 hr prior to subsequent 
examination. The melanoma cell lines were established by 
described methods (8) from tumors obtained from patients with 
stage II or III disease. The two renal carcinoma cell lines were 
established by R. Ueda and H. Shiku. The origin of the other 
lines has been described (9). 

Lymphoid Lines. B-type lymphoblastoid lines were initiated 
from 20 normal individuals of defined HLA-A, B, C, and D/DR 
type. Transformation was induced by supernates containing 
Epstein-Barr virus obtained from the marmoset lymphoblastoid 
line, B95-8. The B cell line, B35M, and the T cell lines, 1301 and 
CEM-T, were provided by J. Minowoda. All cell lines were 
maintained in medium A. Before use they were washed four 
times with Dulbecco's saline solution. 

Heteroantisera. The Ia antiserum was prepared by immu- 
nizing rabbits with a 65,000-dalton bimolecular glycoprotein 
complex isolated from the membranes of B35M that has the Ia 
phenotype DRw3, 4 X 7 X 10. The 65,000-dalton component 
contained B35M Ia alloantigens and dissociated to 28,000- and 
37,000-dalton polypeptides upon denafuration at 100° C. Details 
of preparation and characterization of the antiserum have been 
described (10). An antiserum to /^microglobulin was provided 
by S. M. Fu and R. Stern. 

Ia Specific Alloantisera. Ia (DR) specific alloantisera were 
obtained from individuals immunized during pregnancy or by 
organ transplantation, and selected as described (11). 

Immunofluorescence. Heteroantisera were used in direct 
fluorescence after digestion to F(ab')2 fragments and conju- 
gation with tetramethylrhodamine isothiocyanate as described 

(11) . The reactivity of the alloantisera was determined by in- 
direct immunofluorescence with F(ab')2 fragments of goat 
anti-Fc fragment of IgG conjugated with tetramethylrhoda- 
mine isothiocyanate. The intensity of surface immunofluo- 
rescence was graded 0, tr, 1, 2, 3, or 4 on the basis of the reaction 
of the majority of cells in a cell population. 

Immunoperoxidase. The method of Nakane and Kawaoi 

(12) as modified (13) was used to conjugate horseradish per- 
oxidase to F(ab')2 fragments of heteroantisera to Ia. 



Abbreviation: NaDodSO^ sodium dodecyl sulfate. 
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FiG* 1. Presence of la antigens on the surface of melanoma cell 
lines as demonstrated by hetero-anti-Ia sera in direct immunofluo- 
rescence tests, (a and c) Phase micrographs of SK-Mel-13 and SK- 
Mel-37 cells, respectively, (b and d) Identical field under illumination 
for fluorescence microscopy. 



Absorption Tests. The hetero-anti-Ia reagent, conjugated 
with rhodamine, was diluted 1:10 for absorption tests (dilution 
determined by preliminary experiments). Samples (0.05 ml) 
of the diluted la reagent were added to microf uge tubes con- 
taining the appropriate quantities of pelleted cells from which 
the supernatant fluid was removed. The mixture of cells and 
reagent was suspended and incubated for 30 min at 37° C. 

After removal of the cells by centrifugation, 0.025 ml of the 
supernate was used to stain a B-cell line. In order to avoid in- 
terference by heteroantibodies with specificities for la alloan- 
tigens, the B-cell line used for the previously mentioned staining 
assay was selected because its la phenotype (D/DRwl) did not 
share la alloantigens with the cell line used as the immunogen. 
B-cell absorption was performed with a pool of 20 B-cell lym- 
phoblastoid lines. 

Immunoprecipitation. The surface membranes of mela- 
noma cell lines were labeled with 125 I, and solubilized mem- 
brane preparations were obtained with Nonidet P-40 as de- 



FiG. 2. NaDodS04/polyacrylamide gel electrophoresis fluoro- 
gram of (Left) SK-Mel-37 and {Right) SK-Mel-33 labeled by the 
neuraminidase-galactose oxidase-boro[ 3 H] hydride procedure. Arrows 
indicate the bimolecular complex (gp 37,28) labeled in SK-Mel-37 but 
not in SK-Mel-33. Molecular weight standards: Gal, 0-galactosidase 
(120,000); BSA, bovine serum albumin (68,000); Ova, ovalbumin 
(45,000); Chy, a-chymotrypsinogen (25,700); Lys, lysozyme 
(14,300). 

scribed (10). Immunoprecipitations with the hetero-anti-Ia 
serum were performed with protein A-Sepharose CL-4B beads 
as a solid phase absorbant; the immunoprecipitates were ana- 
lyzed by polyacrylamide gel electrophoresis in 0.1% sodium 
dodecyl sulfate (NaDodS0 4 ) (14-16). 

Carbohydrate-Labeling Procedures. Monolayer cells were 
labeled in situ in T-75 plastic tissue culture flasks after the 
cultures had become fully confluent. The procedure used was 
the neuraminidase-galactose oxidase boro[ 3 H]hydride method 
of Gahmberg and Hakomori (17). After the cells were labeled, 
the components were examined by 5-15% gradient, polyac- 
rylamide slab gel electrophoresis in 0.1% NaDodS0 4 (16) with 
subsequent fluorography (18). The quantity of glycoprotein 
with mobilities characteristic of la molecules was determined 
by densitometric scan of the radiofluorograms and expressed 



Table 1. Expression of la antigens and gp 37,28 on melanoma cell lines 



02- Microglobulin la 
direct immunofluorescence, direct immunofluorescence gp 37,28, 





Relative 


Positive 


Relative 


Positive 


% of total 


Cell line 


intensity 


cells, % 


intensity 


cells, % 


glycoprotein* 


SK-Mel-13 


2-4 


100 


3-4 


100 


3.7 


SK-Mel-37 


3-4 


100 


3-4 


100 


16.7 


SK-Mel-42 


tr-1 


100 


2-4 


100 


7.8 


SK-Mel-29 


2-4 


100 


tr-3 


100 


<2 


SK-Mel-33 


1-3 


100 


tr-3 


100 


<1 


SK-Mel-41 


tr-1 


100 


tr-3 


100 


ND 


SK-Mel-28 


2-4 


100 


tr-3 


35 


<1 


MeWo 


2-3 


100 


tr-1 


24 


<2 


SK-Mel-19 


2-4 


100 


tr-1 


3 


<2 


SK-Mel-27 


1-2 


100 


tr-1 


2 


<1 



* Determined by carbohydrate-labeling procedure. ND, not determined. 
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FIG. 3. NaDodSOi/polyacrylamide gel electrophoresis of 126 I- 
labeled antigens of (•) SK-Mel-37 and (O) SK-Mel-19 immunopre- 
cipitated with rabbit anti-la serum. SK-Mel-37 has the gp 37,28 bi- 
molecular complex characteristic of la molecules; the complex was 
not detected by this method in SK-Mel-19. Molecular weight stan- 
dards: BSA, bovine serum albumin (68,000); Chy, a-chymotryp- . 
sinogen (25,700); BPB, bromophenol blue (dye front). 

as a percentage of the total 3 H-labeIed membrane glycopro- 
teins. 

RESULTS 

The intense reaction of heterologous anti-la serum with two 
melanoma cell lines, SK-Mel-13 and SK-Mel-37, is illustrated 
in Fig. 1. The pattern of fluorescent staining was continuous, 
with only occasional cells showing a speckled granular distri- 
bution of the fluorescent reagent. Each cell in the culture was 
stained; the vast majority of cells reacted with a relative in- 
tensity of 3+ to 4+, comparable to the brightest staining of 
B-cell lymphoid lines. An occasional cell gave 1+ to 2+ stain- 
ing. 



Table 1 illustrates the range of reactivity with the heterolo- 
gous anti-la serum that characterized the different melanoma 
cell lines. Of the ten lines studied, six had la detenninants de- 
tected on all cells of the line; two, SK-Mel-28 and MeWo, had 
intermediate numbers of definitely stained cells; two other lines, 
SK-Mel-19 and SK-Mel-27, had very low percentages of cells 
showing staining with the la reagent. With the latter four cell 
lines, the positive cells varied considerably in staining intensity. 
In each instance, however, staining was specifically removed 
by absorbing the anti-la sera with pooled B-cell lines but not 
with T-cell lines. Among the cells lacking definite staining 
(equal or greater than tr) was a significant proportion of cells 
that had very weak, vague staining reactions of insufficient 
intensity to be reliably scored as positive. Table 1 also shows the 
relation between la detected serologically and glycoproteins, 
detected by a carbohydrate-labeling technique, with molecular 
Weights of 37,000 and 28,000 characteristic of la molecules 
designated gp 37,28. The three lines (SK-Mel-13, -37, and -42) 
that had the greatest amount of la detected by immunofluo- 
rescence had readily detected gp 37,28 (Fig. 2). In melanoma 
cell lines expressing smaller amounts of la, it was not possible 
to identify the characteristic bimolecular complex by carbo- 
hydrate labeling. The la bimolecular complex could also be 
demonstrated by surface radiolabeling with 125 I and subsequent 
immunoprecipitation with the heterologous anti-la reagent 
(Fig. 3). The level of la antigen demonstrated by this method 
paralleled results obtained with direct immunofluorescence 
(Table 1). 0 2 - Microglobulin could be detected on all the mel- 
anoma cell lines tested (Table 1), and the variation in amount 
of la antigen contrasted with the more uniform expression of 
/^microglobulin. 

The intensity of la staining appeared to be a relatively stable 
feature of the various melanoma cell lines tested. For example, 
SK-Mel-37 and SK-Mel-13 had essentially identical reactions 
in tests of cultures separated by over 20 passages. The per- 
centage of positive cells in SK-Mel-28 and Me Wo varied be- 
tween 15 and 39%, while SK-Mel-19 and SK-Mel-28 always had 
less than 5% la positive cells. The effect of trypsin digestion, 
used routinely to harvest cells for serological study, was eval- 
uated by comparing enzyme-treated cells with cells mechani- 
cally detached from the flask surface by scraping. No difference 
in la-staining reactions was found with melanoma cells pre- 
pared by these two methods. 

Absorption tests were performed to investigate the serological 



Table 2. Quantitative absorption tests of hetero-anti-Ia serum: Comparison of la expression on B-cell 
lines and melanoma ceils* 



Cell type used for absorption 






No. of absorbing cells/0.05 ml antiserumt 




None 


1 X 10 5 5 X 105 


IX 10* 


1 X 10 7 


2 X 10 7 


B-cell line pool 


1-3 
100% 


0 


0 


0 


0 


0 


SK-Mel-37 


1-3 
100% 


0 


0 


0 


0 


0 


SK-Mel-29 


1-3 
100% 


tr-1 
100% 


tr 

55% 


0 


0 


0 


SK-Mel-27 


1-3 
100% 


1-3 
100% 


tr-2 
100% 


tr-2 
100% 


tr-1 
100% 


tr 
100% 


T-cell lymphoid line pool 


1-3 
100% 


1-3 
100% 


1-3 
100% 


1-3 
100% 


1-3 
100% 


1-3 
100% 



* K„it^e 0 D/DRwr agent ^ 3t 3 1:10 dilUti ° n - ThC r6SidUal anti ,a aCtivity was ""V* 1 on a B ce » Kne of la 
f Relative intensity and percentage of stained designJUd cells. 



6238 



Medical Sciences: Winchester et al Proc. Natl. Acad. Sci. USA 75 (1978) 

Table 3. Representative reactions of la alloantisera with melanoma cell lines detected by indirect immunofluorescence 



Cell line 



DRw2 



DRw3 



la reagent specificity* 



DRw4X7XlO 



DRw5 



SK-Mel-37 
SK-Mel-29 
SK-Mel-27 



tr-3 
96% 
tr-2 
92% 
3 

2% 



0 
0 
0 



tr-2 
96% 
2 

4% 



0 
0 
0 



Multi"Ve" 


Multi "Pr' 


tr^l 


0 


100% 




tr-3 


tr-4 


92% 


10 


0 


0 



* Relative intensity and percentage of the designated cells stained in indirect immunofluorescence. 



relatedness of la determinants on melanoma cells and on B-cell 
lines and to provide a quantitative estimate of the la-antigen 
expression on the melanoma lines (Table 2). Both SK-Mel-37 
and SK-Mel-29 cells removed all la reactivity for the B-cell lines 
from the heteroantibody, indicating that the spectrum of la 
determinants expressed by melanoma cells was qualitatively 
similar to those expressed on B cells. Quantitative absorption 
analysis with three melanoma lines showed that absorption 
capacity paralleled the results of direct fluorescence tests. Ab- 
sorption with 1 X 10 5 SK-Mel-37 cells removed all la antibodies, 
whereas 1 X 10 6 SK-Mel-29 cells were required to achieve the 
same endpoint Absorption with SK-Mel-19 and SK-Mel-27, two 
of the weakest reactors in direct tests with la antisera, required 
2 X 10 7 cells before la reactivity was diminished. 

The expression of la alloantigens on the melanoma cell lines 
was studied with pregnancy or transplant reagent antisera; 
representative tests are shown in Table 3. These alloantisera 
gave a complex pattern of positive and negative reactions with 
the different melanoma cell lines. With melanoma lines that 
reacted strongly with the heterologous anti-la sera (e.g., SK- 
Mel-37), la alloantigens could be detected by cytotoxic and 
indirect fluorescent assays, and parallel results were given by 
both methods. In contrast, lines such as SK-Mel-27, with very 
low reactivity with la heteroantibody, showed no sensitivity to 
cytotoxic la antibody. However, in immunofluorescence tests, 
bright staining of a low percentage of cells was given by certain 
alloantisera, comparable to results with the heterologous anti-la 
sera. Typing with a battery of la reagents showed that the most 
frequent la alloantigen associated with these melanoma cultures 
was the specificity DRw2, detected on six of eight melanoma 
lines. 

Five metastatic melanoma tumors, excised from patients, 
were studied for the occurrence of la antigens by Daniel M. 
Knowles. The immunoperoxidase method was used on thin 



sections of paraffin-embedded tumor. Four of the five tumors 
had definite strong staining which was not found when the 
anti-la reagent was first absorbed by pooled B cells. One tumor 
had a level of staining only slightly greater than the absorbed 
control serum, and a definite conclusion regarding the presence 
or absence of la determinants was not possible. 

Table 4 lists the 13 non-melanoma cell lines of human origin 
that have also been tested for la and ^microglobulin. The Hep 
2 line, originally derived from an epidermoid carcinoma of the 
larynx, was found to express la determinants. All Hep 2 cells 
were stained, and the intensity of staining varied from 1+ to 
2+. Ia antigen was not detected on the other cell lines. Direct 
carbohydrate labeling did not detect gp 37,28 molecules on any 
of these cell lines, including Hep 2. 

DISCUSSION 

Detailed knowledge of the surface composition of melanoma 
cells may provide some insight into the unusual biological 
features of this malignancy. Most emphasis has been on the 
search for melanoma-specific cell-surface antigens, and evi- 
dence for the existence of such antigens is growing stronger. 
Less attention has been given to the total antigenic phenotype 
of melanoma cells, and the list of inorrtial antigens expressed on 
melanoma cells is restricted to certain A and B locus HLA de- 
terminants that are associated with ^-microglobulin. In the 
present study, the existence of Ia antigens on the surface of 
cultured human melanoma cells was documented in several 
ways: (i ) parallel reactivity of both alio- and heterologous anti-la 
sera; (it) occurrence of Ia antigens on the characteristic bi- 
molecular complex of 28,000 and 37,000 daltons by immu- 
noprecipitation; (Hi) direct demonstration of two glycoproteins 
with appropriate molecular weights by cell-surface carbohy- 
drate-labeling procedures; and (iv) absorption tests that pro- 



Table 4. Presence of Ia de terminants on various cultured human cell lines 

Relative intensity and % 





Tissue 


of cells expressing* 


Cell line 


derivation 


02- Microglobulin 


Ia 


Hep 2 


Epidermoid carcinoma 


2-4, 100% 


1-2+, 100% 


U205 


Sarcoma 


tr-1, 100% 


0 


SK-RC-1 


Renal carcinoma 


tr-1, 100% 


0 


SK-RC-6 


Renal carcinoma 


4, 100% 


0 


J82 


Astrocytoma 


1-2, 100% 


0 


T24 


Bladder carcinoma 


3+, 100% 


0 


SK-LC-LL 


Lung carcinoma 


2, 100% 


0 


ME 180 


Cervical carcinoma 


3, 100% 


0 


WI38 


Fetal lung fibroblasts 


2, 100% 


0 


Gm 43 


Normal fibroblasts 


3, 100% 


0 


ALAB 


Breast carcinoma 


±-tr, 100% 


0 


SK-Lu-1 


Lung carcinoma, undifferentiated 


1, 100% 


0 


SK-OV-3 


Ovarian carcinoma 


2, 100% 


0 



* Determined by direct immunofluorescence with the hetero reagents, and expressed as relative intensity 
and percentage of staining of the designated cells. 
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vided further evidence for the similarity of the la determinants 
on melanoma cell lines to those on B lymphoid cell lines. 

One technical aspect of this study that requires comment is 
the use of tyrpsin treatment to remove the adherent melanoma 
cells. No evidence was obtained that suggested diminution of 
the expression of la determinants under the conditions of 
minimal digestion. The use of mechanically removed cells in 
the absence of exposure to enzyme gave essentially equivalent 
results and suggested that the la antigens were not present as 
cryptoantigens on melanoma cells, requiring enzymatic di- 
gestion to be revealed. Moreover, la molecules were detectable 
on nontrypsinized monolayer cells by a procedure that directly 
labels cell-surface carbohydrates. A second consideration has 
to do with the unlikely possibility that the la- positive cells in 
melanoma cultures were cocultured non-melanoma cells such 
as B lymphocytes arising from lymphocytes in the original ex- 
plant. Phase microscopy revealed that la-staining cells were 
typical epithelioid adherent cells containing melanin. Fur- 
thermore, the presence of la antigens on freshly excised tumors 
also strongly supports the finding of la deteirminants on cultured 
cell lines. 

The fact that six of the eight melanoma cell lines reacted with 
alloantisera specific for Ia-2 or DRw2 raises the possibility of 
a common immunogenetic predisposition to melanoma de- 
velopment. Although the nature of this study does not permit 
a conclusion in this matter, it is of interest that DRw2 was 
present in 28% of a normal New York population by B-cell 
typing and is a constituent of the HLA-A3-B7-Dw2-DRw2 
haplotype that is characteristic of northern European popula- 
tions. Epidemiologic evidence has demonstrated a higher fre- 
quency of melanoma in individuals of Northern European 
ancestory. 

The level of la antigens expressed on the different melanoma 
cell lines showed wide variation. Evidence from absorption tests 
indicated that the average quantity of la antigens varied by 
more than 200-fold among the different melanoma cell lines. 
This variability was a characteristic property of the cell line, 
and the extent to which a line expressed la antigens differed 
only slightly in multiple examinations over an extended period 
of time. 

A likely possibility to account for the variable pattern of la 
expression on different melanoma lines is that it reflects similar 
variation in the expression of la antigens on normal melanoblasts 
or melanocytes during differentiation and maturation. By 



analogy with the findings in granulocytic leukemia, melanoma 
cell cultures with the greatest quantity of la antigens would 
represent cells transformed at an early stage in the melanocyte 
lineage. An important point for further study is whether the 
high, intermediate, or low la phenotype of melanoma cells 
shows any correlation with clinical features of the disease, such 
as stage, growth rate, or metastatic behavior. 

The gift of certain la allosera by Dr. Manuel Patarroyo is gratefully 
acknowledged This work was supported by U.S. Public Health Service 
Grants CA-20107, CA-19765, and CA-21445. RJ.W. is the recipient 
of Research Career Development Award AI-00216. 
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Abstract 

The lack of HLA das* 1 antigen expression by the meh n mn a 
ceD Hoe SK-MEL-33 Is earned by a unkrae lesion in fir^akto- 
globulin (Irii). Seqnendog of Ir/t mRNA detected a guano- 
siae aektion at positioci 323 ia codoa 76 that causes a frame- 
shift with a subsequent introduction of a stop codon at a posi- 
tioo 54 base upstream of the normal position of the stop codoa 
in the message. The loss of 18 amino adds aad the change of 6 
amino adds, inemding a cysteine at position 80 m tfa* carboxy 
termfams of ft-u, are likely to cause marked changes in the 
sliuUuie of th* polypeptide. The latter may account for the 
iaaMffly of to associate wift 

for its mck of reacthity with the antt-#rP mAb tested* HLA 
class I antigen expression on SK-MEL-33 cells was reconsti- 
tuted after transfection with a wild-type B^m gene, therefore 
indicating that the aiaaMm ality of e nd og e cons Bjn gene is the 
only mechanism underlying lack of HLA clasr I antigen ex- 
pression by SK-MELJ3 cells. The gnanosine deletion in B^m 
gene was detected also in the melanoma tissue from which SK~ 
MEL-33 cells had originated. Therefore, the molecnlar ksioa 
identified in the SK-MEL-33 melanoma cell line is not caused 
by a natation acquired daring growth in vitro bat is likely to 
reflect a somatic mutation during tomor progression. (/. Or*. 
Ik**. 1993. 91:684-692.) Key words: /^mkroglorjolin se- 
quencing • transfection • HLA reconstitution • monoclonal anti- 
body 

irnrooucoon 

Malignant transformation of human melanocytes may be asso- 
ciated with changes in their antigenic profile. The latter i nclude 
reduction or loss of HLA dass I antigen expression, which has 
been fcusd to occur ivt ~~ 30% of surgje^^y nFmnvnH mela- 
noma lesions (for review, see reference 1 ) . Abnormalities in 
HLA class 1 antigen expression are likely to affect the biology of 
melanoma ceUs and their interactions with immune cells be- 
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cause of the role of HLA class I antigens in cell proliferation 
(2-4), interaction of target cells with cytotoxic T cells (for 
review see reference 5), and susceptibility of malignan t cells to 
natural killer (NK) 1 cell-mediated lysis (for review see refer- 
ence 6). Besides contributing to the criaracterization of the 
machinery regulating HLA class I antigen synthesis and expres- 
sion, analysis of the molecnlar mechanisms underlying reduc- 
tion or loss of HLA class I antigen expr e ssi on by melanoma 
cells provides the necessary background to correct these abnor- 
malities. This information may eventually be used to develop 
therapeutic approaches to melanoma, if the association be* 
tween poor prognosis and reduction or lack of HLA dass I 
antigen expression in melanoma lesions ( 7 ) reflects their role 
in the clinical course of the. disease. - ■■' .. 

In a recent study we have shown that melar^nm cells FO-1 
do not express HLA class I antigens because' of a gross deletion 
of the 5 ' region and a portion of the coding sequence of the Bjin 
gene that prevents its transcription (8). In tte present study, we 
have characterized the molecular defect that accounts for the 
lack of HLA class I antigen expression by melanoma ceQs SK- 
MEL-33. 

Methods 

Patient Patient AZ was a 74-yr-oW white male who had a lentigo 
maligna melanoma excised from the skin of his right scapula in 1972. 
Two yearslater, in January* 1974; amass ap pe ar ed in the left axilbLThe 
mass was excised and revealed metastatic inclamnna involving iegtonal 
lymph nodes. A !arge (5 x 4 x 4 cm), firm mass reappeared at the apex 
of the left axilla in June 1974. The patient underwent a deep axillary 
lymph node dissection. Pathological examination showed metastatic 
melanoma within lymph nodes invading the surrounding subcutane- 
ous tissue, fat, rjectoratis minor muscle, brachial nerve plexus, and 
brachial vein. The melanoma cell line SK-MEL-33 was established 
from this lesion. The patient remained free of any recurrent melanoma 
for & 10 yr. He was last seen for follow-up in 19&3 when he was 85 yr 
old. C&uca! staging at that timeeemonsbatednoevio^n 
melanoma on physical examination, chest x ray, and fiver function 
tests. 

Cell lines, tumor specimen, and fi r microglobulin (Pri*)- The mela- 
noma cell tine SK-MEL-33 was cultured in RPMI 1640 mecHum 
(Gibco Laboratories, Grand Island, NY) supplemented with 10% PCS, 
2 mM L-glutamine, and 1% nonessential amino acids. The melanoma 
cell tines FO-l, Colo 38 and 3S5 and the B tymphoblastotd cell line 
MANN were grown in RPMI 1640 medium supplemented with 10% 
Serum Plus(Hazelton Biologies, Inc, Lenexa, KS) and 2 mM L-gluta- 
mine. Cells were harvested by vigorous pipetting with PBS supple- 
mented with I mM EDTA. 



1. Abbreviations used in this paper: foe* microglobulin: ICAM-I, 
intercellular adhesion molecule- 1; NK, natural killer. 
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The formalin-fixed and paranm-cmbedded specimen of the human 
n^Kgnawt mrfanoma lesion (Clark's levd IV), from which the ccU fine 
SK-MEL-33 * *as originally emtHHrfwd. was retrieved from the files of 
the Department of Pathology, Memorial Soan-Ketterinf Cancer 
Geoter t New York. The tumor had been fixed in 10% formalin (formal- 
dehyde 4% vol/wt, methyl alcohol 1% vol/wt, buftcred with phosphate 
boner) (Mafliiiclaodt Chemical Works, NY) for 24 h rjefbre erruxd- 
ding into paraffin. One section was cm for standard hematoxylin and 
eosin staining and three adjacent 20-pm thick sectkm crxuainhss only 
tumor were cat for ONA isolation. Lesion*! portions of the two un- 
stained sections were scraped whli a stainless sted spatula into a 1.5 ml 
Eppcndorf tube. 

fir* was purified from urine as de sc r i bed (9). 

mAb and conventional antitera. The mAb W6/32 to a monomor- 
phic determinant expressed on /^-associated HLA dass I heavy 
chains (10): the mAb TP25.99 to a determinant expressed on both 
0r?*-associat£d and 02-p-free HLA dass I heavy chains (8); the anti- 
human p rt t mAb BBM-1 (II), L368 ( 12), and NAMB-1 (13); the 
anti-HlA-DR, DQ, DP mAb Q5/I3 (14); and the anwntercellular 
adhesion molecule- 1 (ICAM-t ) mAb CL207.14 ( 15) were developed 
and characterized as described. mAbs were purified from ascitic fluid 
by sequential precipitation with capryhc acid and ammonium sulphate 
(16). mAbs were labeled with 12 *! using tbetodogen method ( 17). The 
immunoreactrve fraction of the radiolabeled antibodies was at least 
50% as detennmed by the method oTLindmo et al. ( 18). 

The rabbit antiserum R5996-4 reacting with denatured HLA class I 
heavy chain and the rabbit anti-human p T $t antiserum DP-2 13456 
were prepared by following tte methodology de sc r i bed by Nakamuro 
et aL (19) and by Poulik et at (20), respectively. Arui-bumanj^, 
andbodies were purified from rabbit antiserum DP-2 13456 by affinity 
crirarnatograpfay on purified 0rM coupled to AFF1-GEL lO(Bio-Rad 
Laboratories, Richmond, CA) (1 nig/ ml of gel). Purified goat 
anti-rabbit Ig antibodies and rabbit anti-mouse Ig antibodies: were 
purchased from Jackson ImmunoResearch Laboratories, Inc. (Avon- 
dale, PA). ..- ^ 

cDNA probes. Bjn gene, and oligonucleotides. The cDNA probes 
for human fan (21 ) and for HLA-B7 antigen (22) were isolated by 
digestion of pla^mids with restriction endonudease PstL The inserts 
were electrophoresed and excised from low melting agarose gd. Hu- 
man Bzm done pb2ml3 in the vectorpEMBL9(23) waspurittedona 
CsQ gradient and digested either with Xbal alone or with the combina- 
tion of HindUl and Xbal or of EcoRl arid Smal. An upstream 5' frag- 
ment ( referred to asinobeA), the first exon and much of its flanking 
sequences (referred to' as probe B), the second and third exons and 
their fianldng sequences (referred to as probe C), and the fourth exon 
and its flanking sequences (referred to as probe D) were separated by 
electrophoresis on a low melting point agarose gd as described (3). 
cDNA probes were labeled with [a- B PJdCTP( 3,000 Ci/mmol; Amer- 
sham Corp., "Arlington Heights, IL) by random priming (24) to a spe- 
cific activity of 10 s com/ PS- Ofjgpnudeotides were end labeled with 
(v- 3a P]ATP (5,000 Ci/mmol) in the presence of T4 polynucleotide 

Oligonucleotides specific for the B^n gene were synthesized on a 
DNA synthesizer (BioSearch, MiUiGen/Biosearch, A Dtv. of Milli- 
pore, Burlington, MA). A 23-nudeotide oligomer ( 5' TAGAAAGAC- 
CAGTCCTTGCTGAA 3') and a 21 -nucleotide oligomer (5' TGTA- 
TAAGCATATCAATATTA 3') complementary to the codon 56-63 
and position 467*486 in the 3' untranslated region of human £ru 
mRNA, rcspectivdy, were used as primers for RNA sequencing. The 
nucleotide oligomers ( 5' GTGGAGCATTCAGACTTGTC 3' referred 
to as primer 1 and 5 ' GCAGTGCCACTAATCTGATC 3' referred to as 
primer 2), which define a region of 300 bp, including codons 49-95 in 
the second exon of the B^m gene, were used as primers fin- PCR. One 
oligomer ( 5' GCATACTCAI M M 1CAGTG 3') complementary to 
codon 72-79 in exon 2 of wild-type B^m gene with a cytosinc deletion 
at the region complementary to codon 76, referred to as probe H, and 
the other one ( 5'TAAGGCCACGGAGCGAGACAT 3 f ) complemen- 



tary to codon 1-7 m exon 1 ofwnoMypellimoeiie, referred 
L were used for DfMbybridnm^ 

Chemicals and cytokines. ActinomwJn D was r*"****vrti fin— 
SaniaCbemM 

was obtained from HoffinaaJLaRocflK; Inc. (Nutley, Nl). 

Serological assays. TtetiMMbuduxjmvmmpc&moAmd* 
scrir*d(18)m9<^we0miaot^ 

mud. CA). Briefly, ecus (1 x 10 s ) were incobated with Irfrlr rf 
mAb(2 x 10 s cgm>nerwdl)at4*CsbT2avTnc* 
times wim Wand ccflborjTrti^^ 

counter (LKB-1261; LKB-WaUac, Tinkn, Hnstnd). Results are ex- 
pressed as boumlcpm per 1 x lO'cefla. 

Radioinbe iing of ceils. intSrea immanapndpiiatlan, and SDS- 
PAGE. These procedures were performed as described elsewhere (8). 
Ce&s were labeled witfr^(Aip^ 

dase method (26) or with [^Imethimnne (Arnersham Corp.). Then 
cclhweresointnlizedbv mcurBtioo for M min ^ « ty^ i^w 
containing 1% NonidctP-40. 10rnMTri^iK3,nH8J2.0^MNaa, 1 
mMEDTA, 1 mg/mlBSA,and 1 mMPM^and incubated for 12 hat 
4 a C with antibodies bound to protein A Scpnanac (Ptiarmacia Ino, 
rHscataway, NJ). One^roenawnal SD5-PAGE analysis was per- 
formed under reducing conditions in slab gels containing 123% scryt- 
amide and using tr* bttftCT 

containing ^-labeled ffimpfes w er e processed for autoradiography us- 
ing KprU X^ Kodak Cc^ Rochester, NY). Geb 

, contauiing f^]meth^ samples were processed for floo- 

rography as described (28). 

Preparation of total mRNA and poly A* RNA. Total RNA was 
. isolated from cells using the meu^ described byGe&ebtcretal (29). 
Pory(A)-coniaiiiing RNA was purified by duvmatograptry on 
oli^(dT)cefltilose(Boehringer Mannheim CorpL, iiftwapnfi^ IN); 

Preparation cf DNA from paraffin tls& 
were incubated m xylene to dissolve tte 

pelleted by ccntrifugation at 12j000#fix5 mmW 3l).Thesuperiia- 
tant was discarded and afto two actional iimhatin™ 
pellet was washed sequentiaay with 100% and 70%ethanoL Tlie pellet 
wasresuspendedin 100 jd of a digestion rmfter(0 J MTris-HC^ 
10 mMEDTA, 1% SDS) to which Proteinase K stored at — 20°C was 
added to a final concentration of 0.5 mg/mL At the end of a 484 
incubation at 55°C more SDS and freshly thawed Proteinase K were 
added to the reaction mixture to a final concentration of 2% and I 
mg/ml, respectively. Incubation wasoommued fivanaddmonal25h 
at 55°C^Tbeisanu^ was then r^ea^ to 9S*C for 6 nrin to inactivate 
Proteinase^ an&.waa ex trac ted twice with phenof-~cr ifc>r o fo n n. Fv 
natty, DNA was precipitated in 03 M Nad and 100% ethanoi at 
-70°C farl2 band pelleted by ccntrifugation at I2J000 g for 30 nun.' 
The pellet was washed twice with 7TW, fhamil «wi ly y ^^^ l m |OQ 
pi of filtered and autodaved water. 

RNA hybridization analysis. Total RNA was size fractionated in a 
1% agarose gd containing 2JZ M fonriaklebyde, transferred 
ceflulose membrane; and h y bri di zed with 32 P-tabeled probes as de- 
scribed 1 8>. 

DNA hybridization analysis. Genomic DNA was eMim l w l essen- 
tially as described by Perbal (32). DNA was digested with restriction 
endonudeases, size fractionated, transferred to rihroceflulose mem- 
brane, and riybridoed as described previously (8). When ^-labeled 
spedfic ohgonudeotides for the gene were used as probes, the 
hybridization was performed at a temperature 5°C below the calcu- 
lated melting temperature as described (33). 

RNA sequencing. £rP mRNA was sequenced by following the 
methodology described by Gefkbter et at (25). Briefly, "Mabekd 
oligonucleotide primers( 10ng)andpory> * RNA (20^) were heated 
to 80°C for 3 min in 15 jd of aiiroaling butter (250 mM KCt 10 mM 
Tris-HCXpH8.3. 1 mM EDTA) and incubated foroTJmmat60°Cor 
at 4S°C The dkleoxynudeotides diluted with dU/> in different ratio 
and 3 J id of reverse transcriptase dfluted m extension biifter( 24 mM 
Tris-Hn,pH8,3, 10 mM MgO,, 8 mM daliiothmtolOJmMdATP. 
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0.2 mM dCTP, 02 nil dTTP, 02 mM dGTP) were added into RNA 
prbtier-anncalh^solatk^ 

Reactions were tenninated by adding 2 *1 of loading buffer (100% 
formamide, 0.3% xylene cyanol F, 0J% bt uino ph cn o l blue ). Samples 
were electrophoresed in 6% pciyscrytamide, 8 M urea gel at 17-18 V. 
After electrophoresis, £ds were dried and exposed to Kodak XAR-5 
fifan (Eastman Kodak Co.) for 72 h at -70 # C Nucleotide sequences 

| t i it d M t f d ^rtirnh«flflda^naM»byu^ 
gHBTf (VflBBOH 70. fffflfft— twnlwnwiiHil^ Iww> , FnlVTfno, CA). 

/n vitw amplification of genomic DNA £xtrm^T>HAvmuxd a* 
a template for ampfification using the Tliennusaqualicus(Taal) heat- 
stable DNA polymerase as described (34). Amp lific a tion * were per- 
formed in sfficonized tabes (Bk^jedka, Rutherford, NJ) in a MM 
solution contadningienomk lOmMTris, 
pH 8.4, 25 mM MgQj , 300 ng of primer I and primer 2, 200 pM of 
each deoxyribonudectide triphosphate (dATP, dCTP, dTTP, and 
dGTP), 100 MS of gelatin/ ml, and 3 U ofTaql DNA polymerase (Per- 
kin-Elmer Cetus Instruments, NorwaJk, CT). Samples were overlaid 
with 50 id of mineral oil to prevent condensation and were subjected to 
35 cycles of amplification. Ths cycling reaction was performed in a 
progranuname heat H^( DNA Thennal Cyder ;Per^ 
Instruments) set to beat samples to 94*C fc^l mu\eoolthemto50°C 
over 1 min, and beat them to 73°C for I min. In the first cycle DNA 
was denatured at 94°C for 5 min. Amplified DNA was analyzed by 
nondenaturing agarose gel electropnoresis. 5 jd of the amplication 
reaction waselectrophoresed on a 1 .5% Tris-Borate-EDTA agarose gel 
(FMC Corp*. Rockland, MF.) in the presence of ethidium bromide. 
^ ' *> Cloning and se&tencing cfK 

ligated into pjlasmid vector ICR (Invitra^ 

to transform ooniroetent bacteria {Eschpfckia^coli INVaF'). Single 
colonies of transformed bacteria were selected in medium containing 
fr ftnamy rin ( Wpg/ml) and grown to mass culture. Amplified plasmid 
was extracted according to established protocob( 35) and usM 
DNA sequencing reactions using the chaiii-tcnmrianc^ technique (36) 
with a modified T7 DNA polymerase (37), (Sequenase 2J>, United 
States Biochemical Corp., Cleveland, OH). PfasmidDNA(2^pg)was 
incubated with 10 og of M13(-)20 Primer-( 5 '-GTAAAAC- 
GACGGCCAGT-3) (Stratagenc, mo, LaJoOa, CA) in 0.25 N NaOH 
at 20°C for 5 min. Denatured plasmid and annealed primer mixture 
were then prec ipi tat e d with 5 M ammonium acetate, pH 4.6, and eth- 
aool and were centrifuged at 1 5,000 # for 15 min. Pellets were washed 
with 70% etbar^ lecentrifiige^ jil of 

water. The anncaledprhrier/ template roixture was supplemented with 
I *l 0.1 M DDT, 1 #d 10 mU la-^SJdATP ( 1.000 Ci/mmot; New 
England Nuclear. Boston, MA), 2 jd ^utebte$ng mixture (.1:5), and 
3 U cf Sequenase 2j0 ( United States Bio^ 

mixture was mixed, incubated for 2 min at room temperature, and 
ahquoted into four tubes containing 2.5 pi of the respective deoxy/dt- 
deoxy termination mixture ( 80 jtM dATP, 80 mM dCTP, 80 dGTP, 
80 mM dTTP, and 8 jtM of the respective dideoxy nucleotide triphos- 
phate). After a 10-min incubation at 37°C 4 $d of stop buffer (95% 
fonnamide, 20 mM EDTA, 0.05% bromophenol blue, and 0.05% xy- 
lene cyanol) was added to each tube. Tubes were then heated to 94°C 
?o* 2 nrin. The reaction mixture was loaded on an 8% poryacrylaraide- 
8 M urea gel and run for 4 h at constant wattage. 

Transaction of SK-MEl^33 melanoma ceils with a wild-type hu- 
man Hyn gene. The procedure we used previously (8) was followed 
with minor modifications. Briefly, cells ( I X 10 7 ), linearized human 
Bbm DNA fragment ( 100 jtg), and EcoRI^hgested pSV2neo (5 ng) 
were suspended in 1 ml of cold PBS. An elec u o p or ati on power supply 
(Bcmesda Research Laboratories, Gaithensburg, MD) applied an elec- 
tric pulse of 1 kV and 330 pF to the chamber containing ceOs. Cells 
were then recovered in RPMI 1640 medium supplemented with 10% 
FCS* seeded in eight iOO-mm tissue culture dishes, and incubated at 
37°C in5%CQ 2 for7d.Onday8, G418-sulfete was added to the 
medium at the final concentration of 2 mg/mL The concentration of 
G418-suuate was reduced to 0.4 mg/ml after 3 d of incubation and 
maintained at this level for an additional 10 d. Cefl colonies were de- 



tached with HBSS containing tiypsin-EDTA* nicked up with a p 
ririg.aiid expanded. 



Lack of HLA class I antigen expression by SK-MEL-33 mela- 
noma cells. SK-MEL-33 ceOs did not react in a binding assay 
with U5 I-mAb W6/32 recognizing a monomorphic determi- 
nant expressed on /Sric-associated HLA das* I heavy chains, 
with ^-mAb TP25.99 to a determinant e xpr essed on ^it- 
associated and 0rp-ftee HLA class I heavy chains, and with 
12S I-Jabeled ami-ft-* mAb NAMB-1 (Fig. i). No reacrivity 
with these mAbs was detected also after u^batioa of cells with 
IFN-7 ( 1,000 U/ml) for 3 d before testing (Fig. 1). Further- 
move, no component was immunopimpilaUal from control 
and IFN-T-Ueated ,as 14abeled SK-MEL-33 ceils by anti-HLA 
Class I mAb W6/32 and TP25.99 and by antJ-&-/i mAb 
NAMB-1. Neither control nor IFN-7-treatcd SK-MEL-33 
cefls reacted with ,25 I-labeled anti-HLA-DR, DQ, DP mAb 
Q5/13(Fig. I ). SK-MEL-33 cells were sensitive to the modu- 
lating activity of IFN-7, since IFN-y-treatcd ceOs displayed a 
marked increase in the reactivity with anti-ICAM-1 mAb 
CL207.14(Ftg. I). 

Intracellular expression of HLA class i heuvy chains and 
truncated fr-M by §K-MELr33 melanoma cells. To determine 
whether the heavy ^ class'I ahtigens and ft-M are 

synthesized by SKilvlEL^33 cells, an NP40 extract of 
metrnonine^abeied cells was immun<»prleci{Htated with several 
anti-HLA dass I mAbs, and analyzed by SDS-PAGE. No com- 
ponent was detected in the immuran>recipitate with anti-HLA 
class I mAb W6/32 and with anti-/9 r p mAbs BBM- 1 , L368, 

50 ~* ' - 
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Figure J. Lack of reactivity of control and IFN-Y-treated cultured 
melanoma cells SK-MEL-33 with anti-HLA dass I mAbs. SK-MEL- 
33 cells were incubated at 37°C for 72 h with IFN-7 (final concen- 
tration 1,000 U/ml) (a). Control cells (□) were incubated under the 
same experimental conditions, but without cytokine. Cells were then 
harvested, washed twice with HBSS. and tested with "^I-mAb W6/32 
to a detenninant expressed on frp-associated HLA dajs I heavy 
chain, ,23 l-mAb TP25.99 to a deteitninant expressed on /Jr#t-assr> 
ciated and Arp-rice HLA dass 1 heavy chain, ias l-antH4* mAb 
NAMB-1 and m I-anuVHLA-DRJX}iJDP mAb Q5/ 13 in a binding 
assay. r ^I-anti-ICAM-l mAb CL207.14 was used to monitor the sus- 
ceptibility of SK-MEL-33 cefls to modulation by IFN-7. The reactiv- 
ity of radiolabeled ano-HLA mAb preparations was rnoriitored by 
testing with cultured melanoma cells Colo 38 (■) in a bmdiog assay. 
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nal and polyclonal 
a 72* incabttfcmat37 a C in 
Ptementedwfth IFN-y (final 
1.000 U/ml), SK-MEL-33c 
starved forlhin 



After 



W8/32 



cultured and radiolabeled! 
experiniental eondinm bnt woe not ex- 
posed to IFN-7. At tbc cad cf memama- 
* tion, ceih were harvested, w^ 

^IQ W times with HBSS, and sohibilbxd with 1% 
NP40. Antigens were immiff^ y nHgjpitq f^i 
with mAb W6/32 to a determmant ex- 
pressed on A-*-««ociated HLA dassE 
TP25.69 NRMB-1 OP-213456 heavy chains, with mAb TP25.99 to a de- 

terminant expressed on A^-fiee and fir 
^-associated HLA dass I heavy chains, 
with antt-A-ft mAb NAMB»1, and with 
anti-£rM polyclonal antibodies isolated from rabbit ami-£rP serum DP-2 13456. Antigens were then ehited fiom the immunoafasorbent and an- 
alyzed by SDS-PAGE in the presence of 2% ^mercaptoethanoL Gels were then processed for fluorography (27). Arrows indicate the position 
c^Hl^classllieavydiainand/SrMandofthe 1 0-kD component precipitated from SK-MEL-33 cells. Cultured melanoma cefls Colo 38, which 
express^HLA dass I antigens and cultured melanoma cells, , jgr>i. which synthesize HLA class I heavy chains, but do not synthesize fe* ftt; 
wen| used as controls to monitor the activity of the antibbdV kaccaratmns and tha^erifioty nf th* immitf K Tr r T ^ P .»«t^ r fctt rmt, -".''^Tv- 



and NAMB-1. Representative results are shown in Fig. 2. In 
contrast, HIA dass I heavy chains were detected in the im- 
munoprecipitate with the mAb TP25.99 and with the xeno-an* 
tiserum R5996-4. The latter two reagents react with ft-M-free 



HLA dass I hea vy chains. FuithenmirAaooni|Kmentwtththe 
apparent mofccnlar mass of 10 IcD^A^a^in riwimm^wn. 
precipitate with anti-human &rit antibodies purified from rain 
bit anti-human serum DP-2 1 3456 by affinity diromatogra- 
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Figure S. Northern blot anat- 
ysis of HLA dass I heavy 
chain and firP- mRNA in 
oittured mdanoma cells SK- 
MEL-33. SK-MEL-33 ce&s 
were incubated at 37°C for 
72 h with IFN-y (final con- v 
centratkm 1,000 U/ml)* 
Control cells were i 
under the san 
fonditions, but without cyto- 
kine. At the end of the incu- 



and total cytoplasmic RNA 
was extracted and hybridized 
with "Habeas* OS*b fan* 
man firm cDNA probe {A) 
and with "P-tabded 1.4-ab 
HLA-B7 cDNA probe (B), 
Controls analyzed fef xm* 
parisonrjuriiosesiiiduded 
RNA isolated from cultured 
melanoma cdb FT>L whkh 
transcribe the HLA ctess I 
heavy chain genes, but do not 
transcribe the BVnj 
from cultured i 
cells Colo 38 and 3S5 and 
from cultured B ryniphoat 
ceOs MANN, all of which 
traiiscribe the HLA dass I 
heavy chain and Bytn | 
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phy on fi-rgu This co mp onent, which has a smaller size than 
tint immimopfwaiKtaied ftora[*$lii^^ 
tmtd melanoma ceOs Goto 38, is not associated with HLA class 
I heavy chai ns. The immunoprec^ 

since pwi£ed rabbit anti-ft-fi antibodies did not immunopre- 
dpitate the HMcD component and 12 kD fen from cultured 
melanoma cefls FO-l, whkh do not synthesize fep. (8). The 
intensity of HLA dass 1 hmyy diains immnnopredpatatcd by 
mAb TP25.99 and by rabbit antiserum R5996-4 and erf the 
10-kD c om pone nt i mmoiM^H e upilat cd by rabbit anti-Ar** 
xenoantibodies was increased when the antigen source was rep- 
resented by SK-MEL-33 melanoma 

< 1,000 U/ml) for 72 h. These results indicate that SK-MEL-33 
cells synthesize HLA dass I heavy chains and abnormal ft-**; 
the latter had an increased electrophoretkmobahyuponSDS- 
PAGE and lacked the ability to associate with HLA class I 
heavy chains. 



Northern and Southern blot analysis of p r p in SK-MEL-33 
meldmma cells. To investigate the medianism(s) undolyiiig 
the synthesis of an abnormal which does not associate 
with HLA dass I heavy chains, the steady state levd of mRNA 
far was evaluated by RNA hybridization analysis, fet* 
mRNA was detected in SK-MEL-33 cells and had the same 
mobility as the fini mRNA from control cefls in a 1% agarose 
gel (Fig. 3). The intensity of 0nt mRNA hybrkfized whh ra- 
diolabeled cDNA probe was lower than in melanoma ceQs 
Colo 38 and 3S5; it was markedly increased when RNA was 
extracted from IFN-r-trealed SK.-MEL-33 cells (Fig. 3). Fur- 
thermore, Northern Mot analysis of RNA isolated from SK- 
MEL-33 cells treated with aciinomycin D (final concentration 
5 Mg/ml) for ^ 2 h detected no abnormality in the stability of 
firii mRNA (data not shown). Lastly, Southern blot analysis 
using four DNA fragments isolated from I^m gene clone 
pb2m!3 (8. 23) as probes detected no difference in the restrict 
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tion pattern of the genomic DNA between SK-MEL-33 cells 
and melanoma cells Colo 38 (data not shown). 

ReadutgjhmtesHjft mutation in mRNA of SK-MEL-33 
melanoma cells- To detemhkefbe 

thesis of an abnormal 0 rt i by SK-MEL-33 cells, the fir$i 
mRNA sequence was determined, frf niRNA from Colo 38 
melanoma cells, which express HLA class I antigens, was se- 
quenced as a wild-type control The sequences of the firn 
mRNA from the two melanoma cell lines displayed a 99.8% 
homology between themselves and of at least 98.6% with the 
published sequence of pb2ml3 (Fig. 4). The SK-MEL-33 and 
Colo 38 Prfi mRNA sequences differ from that of pb2ml3 v 
with transition of OG to GC at positions 64 and 65, AG to GA 
at positions 437 and 438, and A to C at position 446. AO of 
these nucleotide substitutions were silent except that occurring 
at position 65 f which resulted in a switch from valine to leucine 
at position - 1 1 within the leader peptide. No alteration was 
detected in the leader sequence and in the initiation codon of 
SK-MEL-33 fop mRNA. However, the base guanosine was 
deleted at position 323 (in codon 76) of the sequence of fi r $t 
mRNA in SK-MEL-33 cells ( Fig. 5 ) . To confirm the base dele- 
tion in 82m gene of SK-MEL-33 cells, a Southern blot analysis 
was performed using an oligonucleotide probe complementary 
to the codon 72-79 sequence of mRNA of SK-MEL-33 
cells with the deletion of a cytosine at the region complemen- 
tary to oodon 76 (referred to as probe II). For tius analysis an 
oligonucleotide complementary to the codon 1-7 of wild-type 
human fop (referred to as probe I) was used as a control. A 
temperature 5°C below the melting temperature was used for 

SK-MEL-33 COLO 38 



C T 3 fl CTGR 




Figure 5. Sequencing gel of 0ri* mRNA in SK-MEL-33 melanoma 
cells. RNA sequencing was primed with an otigonucleotide comple- 
mentary to the fa* mRNA at position 467-486 of 3' retr an slat e d 
region. The sequence, when read bottom to top, is complementary 
to the sense strand in 3' 5' orientation. The sequence complemen- 
tary to oodon 76 is indicated, fal* mRNA from cultured human 
melanoma crib Colo 38 was sequenced as a control 
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Figure 6. Southern blot analysis with ohgonucfeotidesof B^ genein 
cultural melanoma ceQs SK-MEL-33. DNA (30 pg) isolated from 
cultured melanoma cells SK-MEL-33 (lane 2) was digested overnight 
at 37°C with the restriction enzyme Xt^ Digested DNA was fiac- 
donated on a 1% agarose gd and tr ans ferred to nitroceOulose fillers. 
Blots were hyhridized with a "rMabeted oligonucleotide probe I 
complementary to codon 1-7 of wild-type human £r# mRNA (A) 
and with a 3Z P4abesed oligonucleotide probe D with a cytosine dele- 
tion at the region complementary to codon 76 (0). DNA (30 pg) 
from cultured melanoma cells Goto 38 (lane 1 ) was run m a control 
The marker lane contained X phage DNA digested with HuxfllL The 
bottom shows the map oftheBtm gene with restriction enzyite Xbal 
sites indicated by black blacks. The open blocks indicate the ter 
exons. v 



hybridization. The ^-oligonucleotide probe n hybridized toa 
3.6 kb Xbal genomic DNA fragment from SK-MEL-33 cells 
but did not hybridize to that from Colo 38 ceils. On the other 
hand, the ^-oligonucleotide probe I hybridized to a 43 kb 
Xbal genomic DNA fragment both from Colo 38 cefls and 
from SK-MEL-33 cells (Fig. 6). These results corroborate the 
sequencing data that guanosine was deleted at position 323 (in 
codon 76) in frp mRNA of SK-MEL-33 cells. 

The guanosine deletion causes a fiameshift with a subse- 
quent introduction of a stop oodon at a position 54 bases up- 
stream of the normal position ofthe stop cooVm in the message 
(Fig. 4)l This results in the translation of a truncated protein 
that is 18 amino acids shorter in&a the wild-type protein. 
Furthermore, the changes from codon 76 to codon 81 result in 
the substitution of the correspono^swamim>a(^ Of great 
significance in terms of the overall structure of ft-g, is there- 
placement wfth an alanine of a osteins trial is at rjosition 80 in 
the firfL polypeptide. 
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Detection of a guanosine deletion in 0 r u in melanoma tis- 
sue from which the SK-MEL-33 cell line had originated To 
determine whether the base deletion detected in SK-MEL-33 
cefls was present in the lesion from which the cell line had 
originated, DNA extracted from the melanoma lesion was used 
for PGR amplification with primers specific for the second 
exon of the human gene. Approximately 200 bases of the am- 
plified region of this gene were sequenced- The gnanosroe dele- 
tion in codon 76 found in the SK-MEL-33 melanoma cell tine 
was found also in the melanoma lesion (Rg» 7). 

induction of HLA doss I antigen expression on SK-MELr 
33 melanoma ceBs by transection with human wild-type B#n 
gene. To prove that the lack of HLA class I antigen expression 
by SK-MEL-3 3 cells was caused only by the structural abnor- 
mality of 0rM that we have described, we determined whether 
transaction of SK-MEL-33 cells with a wild-type human Bjin 
gene could induce HLA class I antigen exp ression. Six clones 
were isolated after transfection and selection with the antibiotic 
G418-sulfate. Cells from five of the six dones reacted, although 
to a different extent, with ,25 I-labeled anti-HLA class I mAb 
W6/32 and ant*-£r#t mAb NAMB-1 (Table I). The reactivity 
is specific since the transacted cells continued to be unreactive 
with the anti-HLA-DR, DQ, DP mAb Q5/ 13. Furthermore, 
neither mAb W6/32 nor mAb NAMB-1 reacted with mela- 
noma Tells SK-MEL-33 transacted with the pSV2neo gene 
Blm^yfi ■ ..: _ % v - 

Discunsiofi 

Serological and immunochemical analysis v/ith monoclonal 
and polyclonal xenoantibodies has shown that cultured: mela- 
noma cells SK-MELp33 do not express HLA class I antigens on 
their cell surface and do not acquire them after incubation with 
IFN->. This abnormality reflects the synthesis of a truncated 
02-11 that does not associate with HLA class I heavy chains. 
Since association with fan is required for the transport of HLA 
class I heavy chains to cell membrane (38, 39), HLA class I 
heavy chains that are synthesized by melanoma cells SK-MEL- 
33 remain in the cytoplasm and are toot expressed on the cell 
$ur&». This conclusion is supported by the results of immuno- 
precipitation experiments performed with an extract of intrin- 
sically radiolabeled melanoma cells SK-MEL-33 and anti- 
HLA class I mAb with distinct specificities. HLA class I heavy 
chains are immunoprecipitated by mAb TP25.99, which recog- 
nizes a determinant expressed also on gg-ft-free HLA class I 



A C G T Figure 7. Direct sequence analysis of 
^£jHKt 'JB the region surrounding codon 76 of 
SHMi^HH the Bxm gene in the surgically re- 
fl^B^^H moved melanoma lesion from which 
^GlflnH ti* <xll Une SK-MEL-33 was origi- 
Co4om 74 1 ^EjlSP^B nated. DNA was extracted from par- 
* v *- '^^g affin-em b edded lesion, amplified in 

^^K - 99 vitro using PCR. The PCR products 
jj^ were ligated into ptaamid vector pCR 
and used to transform £L col; INVoF. 
JHh^^b SI The ptosrntd amplified from single 
^^■f colonies was extracted and used in di- 

rect DNA sequencing reactions using 
the chain-termination technique. The sequence, when read bottom to 
top, is the sense strand in 5'-» 3' orientation. The sequence shown 
corresponds to the stretch from oodons 73 to 79. 



Table /. Reactivity with Anti-HLA Class I mAb cfSKMEL-33 
Melanoma CeBs Transacted with Human Wild-Type Byn Gene* 



Cefls 




us Ha*cfcdmAb 




WO/J4 




QS/I3 






tpmXSOr* 




T— 1* 






0L2 


T«-2 


5 2 




A 1 


T»-3 


0J2 


0.6 


C.2 


TV* 


5.3 


4.6 


0.8 


TVS 


18.0 


17.7 


0.2 


T r 7 


23.2 


17.8 


0.1 


SK-MEL-33 neo» 


0.2 


1.4 


0.7 


SK-MEL-33" 


0.2 


0.6 


0.1 


Cbfc>38' 


213 


15.9 


9.1 



* Cells were tested with l25 t-mAb W6/32 to a determinant exp r e sse d 
on fe-jt-essociated HLA class I heavy ctainsand ^^nti^rftmAh 
NAMB-1 in a binding assay. l23 I-anti-HLA-DR, DQ, DP mAbQS/13 
was used as a specificity control. ♦ Clones isolated after trarmfiylhin 
of SK-MEl^33 cells with linearized human B^m DNA fragment and 
EcoRI-digested pSV2 neo and selection with the antibiotic G-418 
sulfate. 'Cloae isolated after traiisfection of SK-MEL-33 cells with 
EcoRMigested pSV2 neo and selection with the antibiotic G-4 18 
stilfirte^ ^ntransfected cells. 7 Cultured melanbrna ceQs Colo 38 
were usee* to monitor the reactivity of radiolabeled auti-HlA mAb 
preparations in a binding assay.: ** cpm x 10" 3 /I X lo^cefls. 



heavy chains (8), but are not immunoprecipitated by mAb 
W6/32, which requires the association of the HLA dass I 
heavy chain with fop for the expression of the corresponding 
determinant (40). 

Sequencing of fop mRNA from SK-MEL-33 detected a 
deletion of guanosine at position 323 in codon 76. This finding 
has been corroborated by the results of Southern blot analysis 
with an oligonucleotide complementary to codon 72-79 ofSK- 
MEI>33 cells 'fop mRNA. ^ 

with genomic DNA from SK-MEL^33 but does not hybrid- 
ize with that from Colo 38 melanoma cells without detectable 
abnormalities in fop. The base deletion causesa reading frame- 
shift in fir-pi mRNA with a subsequent introduction of a stop 
codon in codon 82 ( 54 bases upstream of the normal position 
of the stop codon) in the message. Therefore, thecodont from 
82 to 99 are not translated, causing the translation of a trun- 
cated protein that is 18 amino acids shorter than the wild-type 
protein. This accounts for the apparent molecular mass of 10 
kD of the component immunoprecipitated by polyclonal anti- 
human fop xenoantibodies from intrinsically labeled SK- 
MEL-33 cells. Furthermore, the reading frameshift causes a 
missense mutation in the oodons from 76 to 81 and a change in 
the corresponding amino acids. The latter include replacement 
of an alanine for cysteine at position 80, thereby disrupting an 
intrachain disulfide bond in fait* The loss of this disulfide 
bond is likely to have dramatic effects on the Structure of fop 
in SK-MEL-33 cells, since fop has been shown to have a 0- 
sandwich structure composed of two antiparaDd 0-pleated 
sheets joined by a disulfide linkage (4 1). The lack of this disul- 
fide bond in SK-MEL03 cells, the introduction of 6 amino 
acid substitutions, and the loss of 1 8 arnino acids in the carboxy 
terminus of Ant are likely to cause marked changes in the 
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conformation and structw 

account for the lade of association of with HLA class I 
heavy chains and the lack of reactivity with moo* aitti-^ 
fan mAb. An alternative, but not exdusive possibility ftw the 
lack of reactivity with moose anti-human /Jj-^ mAb may be 
the toss of the corresponding determinants located on the car- 
boy tennmus of frtf^smce the most 
the ffpnnM** of human and mouse fan is located at the car- 
boxy terminus of the molecule ( 42). Th erefor e , this moiety is 
likely to be the most immunogenic when mice are immunized 
with human tfrfi. 

Karyotype analysis indicate* that SK-MEL-33 ceQs contain 
two copies of chromosome 15 (unpublished results) where the 
Bzm gene maps (43). No rearrangement of the H^m gene was 
found by Southern blot analysis of SK-MEL-33 cell DNA with 
fragments of wild-type Bjin gene as probes. Nevertheless, bio- 
chemical analysis demonstrated that SK-MEL-33 cells synthe- 
size only a truncated fan polypeptide. Therefore, it is likely 
that a wild-type allele of fa-p was deleted or is nonfunctional, 
since melanoma cells in metastatic lesions axe genetically unsta- 
ble and are characterized by widespread chromosomal alter- 
ations, indudfag genetic deletions (44). The mechanisms for 
loss of a functional fail allele include, (a) henuzygosity, with 
loss of a wild-type allele and duplication of die mutant Bgn 
gene; (6) deletion of the wild-type allele without dupli c ation of 
the mutant allele; or (c) transcription of only the mutant copy 
of the Bjin gene due to mutations in coding or noncoding re- 
gions that are umietectabtewifttte 

ever is the mechanism underlying the lack of translation of a 
functional fan in SK-MEL-33 cells, abnormal fa-p is the only 
defect responsible for lack of HLA class I antigen expression by 
SK-MEL-33 cells, since their transection with a wild-type hu- 
man Biin gene induced their expression. 

SK-MEL-33 cells are not the first example of human ecus 
without detectable H1A class I antigen expression because of a 
/^abnormality. Cultured 

are the most extensively characterized hurnsmcclto without de- 
tectabte HLA class I antigen exprcsaon, transcribe the B^m 

: gene but do not translate fan mRNA (20, , 45) j because of a 
point mutation in the initiation codon (46 ) . Cultured mela- 

; noma cells PO-I do not transcribe the B^m gene because of a 
deletion; of the first exon, of the S'-flanking region, and of a 
segment of the first intron of the B^m gene (8). A similar defect 
has been identified in four mouse cefl lines derived from the 
C48 mouse thymoma cell line Rl.I by chemical or irradiation 
imitaffHwrai and subsequent selection with anti-TL antisera 
ami romrttentftnt (47-49). Interestingly, a similar treatment of 
cultured human B ryinphobtestaid ceds has caused the muta- 
tions of genes located in the HLA dass n region which control 
the HLA class I antigen presentation pathway (50, SI ). On the 
other hand, no abnonnahties in the structure of fan polypep- 
tide and/or m mechanisms that regu^ 
lation of the gene have been induced. SK-MEL-33 cells are the 
first example of ceDs with a structurally abnormal grit because 
of a fiameshift mutation due to deletion of a singtenudeuUd^. 
Furthermore, SK-MEL-33 ceDs repr e sent the first example in 
which the same HLA class I molecular abnormality inesent in 
the cefl line could be detected in the original melanoma lesion 
from the patient These foldings show that the lesion we have 
identified in the SK-MEL-33 cell line is not caused by a muta- 
tion acquired during growth in vitro, but reflects an in vivo 
abnormality. The lack of HLA dass I antigen expression may 



have provided the mutant clone with a mrrtunHiu to escape 
rtomlymbyHLAdassIcyto^ 

fa-ji is likely to reflect a somatic mutation during tumor pru- 
gresskm, since the aDosperi&xtks HLArAl, Aw31, BS. B14. 
Bw4, Bw6 wee delected on patienf • r^mphocytesbynsiqgtfae 

***«igil*mgnt A pKnri«it fytnfftwir* lira wy ( ttfi|i^fifa f|f^f rfffflffff) 

Tmmnnrmistochenucal trrhnkpirt could not be used to prove 
thelackofHIAclavIaiitigmm 

only the formalin-fixed, parafim-ernbedded tifaue was avail- 
able. Anti fan mAba reacting with formalin-fixed, paraffin- 
embedded tissues are not availab^ 

recognizing determinants expressed only on fan associated 
HLA class I heavy chains stain only frozen tissue ralkma. 

The clinical course of patient AZ was rnofe&vorabfe than 
expected, although tumor progression in patients with meta- 
static melanoma can be variable v 53). The estimated 5-yr sur- 
vival was < 20%, based on the presen c e of extensive regional 
metastases- If the lack of HLA dass I antigen expression by 
melanoma cells played a role in the dinkal course of the dis- 
ease in this patient, two contrasting scrnarios may be envi- 
sioned. Loss of HLA class I antigen expression could have se- 
lected for a done of AZ melanoma cells that esc ap e d immune 
recognition by HLA dass l-tr slrkle d cytotoxic T lympho- 
cytes. If so, surgery removed all mdanoma cells lacking HLA 
class I antigens. Alternatively, lack of HLA class I antigen ex- 
pression could have enhanced the susceptrbifity AZ mdm- 
nomacelbtoNKcell-rnftfared lysis, thmfaalftatrngthedcar- 
ance of residual melanoma cells after the surgical excision of 
nodal metastases. We favor the latter possibility, since in pre- 
liminary expe ri m en ts we have foundarednctionm susc ep tib il- 
ity to NK cell-mediated lysis of mdanoma ceQs SK-MEL-33 
associ a ted with the induction of HLAdassIam>gemby trans- 
fection with a wild-type human l^m gene. 
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